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TITLE: Fungamyl-like Alpha-Amylase Variants 



10 



15 



20 



25 



FIELD OF THE INVENTION alph a-amylase variants 

Th e present mvent.on re ^ ^ ^ 

(mJ tants> or ^ ^ ^ aci J c pH . The invention also 
improved thermal stability 
relates to the use of such variants. 

B.CKORO^ 0* THE INVENTION 4 ucan . 4 . glucanohydr olases, EC . 
Alpha-Amylases (alpha 1, g ^ hydrolysis 

3.2.1.1) constitute a group * ^£ 4 _ glucoS idic oligo- and 
of starch and other linear and branched l, 

polysaccharides. natent and scientific 

Th ere is a very «~" C^portant class o £ 

Uterature relating to tta. ^'"^J to a s - Te«l®- 
enzv.es . A nu*er or ^"-^J^. too „ Jr o., 
like alpha-abases- and ^ WO 96/23873 ana WO 

WO 90/11352, WO 95/10603, WO 5 2 397 «<> ^ and 
96 /23B74. Te«l-li*e alpha-atlases are very ^ 

o„< t-able for processes carried out at mgi 
therefore suitable tor p ose produ ction processes, 

such as starch liquefaction m dextrose ^ p ^ ^ 

^ther group of alp a-amylas e^ are ^ 
^ungamyr-lifce f^^Z.^ f«- oryzae (and 

.elated to the ^"7^*^^ alp ha-amylases have a 
shown in SEQ ID NO: 1 > . Th Fung commercial product sold under 
relativ ely ^^f^l N ordis k , -mark, has a optimum 
the tradename FUNGAMYL by proC e SS es carried 

around 55°C) and is therefore «^ ^_ amyla ses are today 

out at high temperatures. ^ indus try. Such 
used for making ^ ^ ^ ugually 

processes are operated at around to 

4= ^nnhle the enzyme dosage must 
in the range of double tne Further, at 55°C 

r n y the low thermostability. Furtner, 
compensate for the 

infection problems may occur. carr ied out at a pH 

- processes ^ ^^ZZ, and addition o £ 

of 5 5, instead of, e.g., pH 4.b, p 

Sodium to the syrups are necessitated. Funga myl- 
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an acidic pH. 
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BRIEF DISCLOSURE OF THE INVENTION ^ 

The object of the present invent - -J ^ 
like alpha-amylase variant, in pa 

thermostablility especially at acidic p . impr oved 
^an aloha-amylase variant 
Th e term an aipn j ^ preS ent invention 

S6Cti0n ' , , have provided improved Fungamyl-like alpha- 

The inventors have P~ furfcher below . 

amylase variants as will be descriD 

DETAILED DISCLOSURE OF THE INVENTION invention wa s to 

A goal of the ^J^^^^ at acidic P H of 
improve the thermal stability, in P 
Fungamyl-like alpha-amylases . 

) . . and/or r egioM itp^be^muta^ed^o^b^ 
Identifyj£g_J^^ " 

improvedthermostability Pirate the mobility of 

-e^S^nr^STtHD) si - la "X r f ^ HcCairal on, « and 
th e a»ino acids in the prote.n ^ nucleic acids .. . 

MCJB7) ^Dynamics of proteins a 
, Harvey, SC., (1987) yn n are ofte n 

Cambridge University Press., tj factors (see Stout, GH and 

Jensen, IB, <19 s9 > ' X ray .„ the m simulation at 

che B-factors selves. By ™^ le residues , cne pH 
30 different pronation states of havlng ^ 

related mobility o£ residues are Actuations) are 

hlgh est mobility or nexi b ility < h ^ ^e " Iderstood that the 
selected for aUI" o f the protein, can be 

high mobility found m ceruai residues. 
35 ch Irmally improved by ^ ^ ^ tove bigg er 
The substitutions are directed * forming imp roved 

side -chains ^^---^Ln, «- P-nt 
contacts to residues m the nea 2 derived 

Fungamyl® alpha-amylase backbone shown m 

.„,„ orvzae was used for the MD simulation. 
40 from Aspergillus oryzae w<* 
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, h hv Molecular dynamics (MD) simulations or B 

Regions found by Molecular y ^ Base 

factor examination (as enclosed to the ^ 

^ file 6TAA (Swift, « • ° ' 

(PDB) (www.rcsb.org) m n d on G G Turkenburg, J. 

De rewenda, Z. S ~^ e ' J mod el refinement 

P., Wilkinson, A. St an appucation of 

of Aspergillus oryzae (TAKA) alp * fi 47 pp . 535 
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Region 98-110, 
Region 150-160, 
Region 161-167, 
Region 280-288, 
Region 448-455 
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Region 468-475. flexible. Making said 

The above regions . are t ^ ^ 

regi ons more ^ the prese nt invention relates 

Accordingly, « ^"^^ alp ha-amylase comprising 
to a variant of a parent g Y itions described 

one or more mutations in the regio 



further below. 
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Non^ncl^ture . . r i a ims the conventional one- 

— ^T^resent description and claims ^ 

i^ft-ov codes for amino acid residues 
letter and three-letter codes variants of the invention 

Pnr ease of reference, alpha-amylase variants o 

Ori g inai a^ino aci d(S > ^sitronU - ^ ^ 8ubstitution 

According to this nomenclature, tor i 
o£ atnLe for a 3 para 9 ine in position 30 U — a S; 

m^OAsn or A3 ON 

. d e" £ canine in t„e «- potion is - 

^^rrti:; o^; — — - . - - 



« lysine, is shown as: 

or A3 OAK 



Ala30AlaLys or A3 OAK amino acid residues, 

A deletion of a consecutive ^ d as or 

such as amino acid residues 30-33, 



A (A30-N33) 
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Whe re a foifio alpha-amylase -^^^^ — 2 
comparison with other alpha-atlases and an insertio 
such a position this is indicated as: 

*36Asp or *36D 

«f an asDartic acid in position 36 
for- insertion or an aspcij.i.j-<- 

Ala30MP * G ' U " c e n r s in positions 30 and 34 substituting 
representing mutations in P asparagin e and serine, 

alanine and glutamic acid for P 9 ated as 

„ respectively. Multiple mutations may also 
" II ows, 1 ... -ning «» same as the pins sign, 

„s„ or R30N/E34S 

Ala30Asp/Glu34Ser or residues may be 

„hen one or more alternative 
inserted in a given position it is indicated as 
15 A30N,E or 

suggested, it is to oe resi due present m the 

- * .r itu r s r r ^r^-u-^ - an „ 

position. Thus, tor specified, or specified 

W in--"- 3 -;—--- ^ alanlM ^ " 

as "A30X", it is to &e unu one 

deleted or substituted for any other amino acid, i.e., 
B of, R ,N,D,A,C,Q,E,G,H,I,L,K,M, F ,P, S ,T,«,V,V. 

?^!3H^i!^Sf^ alpha . amy i aS e are according to the 
Parent Fungamyl-like alpha * ivlt whic h 

present invention enzymes with 70% , „„ 

a * ipast 60%, preferably ac 
either have at least v t least 9 0%, even 

preferably at least 80%, even more ^ least 95% , 

r un , a c ipast 93%, even more preteraoxy 
mo re preferably a least 93 ^ preferably at least 

even more preferably at least , encoding 
99% identity to the DNA sequence shown in SEQ I 
the alpha-amylase and/or the ^mature ^ -J^ 

Pr0t ^ TeThLe tlnsional structure of the FUNGAMYL® alpha- 
resembles the three dim ~ and furthe r disclosed in 
amylase shown in SEQ ID NOS: 1 and 2, and fur 

. ■ n a t 3 Base (PDB) (www.rcsb.org) file 6TAA <bw , 
th e Protein Data Base < ^ ^ , G . , 

Brady, L., Derewenda, Z. S., 
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W , j • structure and molecular 

Turkenburo, J- P.. Wilkxnson, ■ ■ alpha -amyla S e: an 

mod el refinement of W""/ ^ g method . Acta Crystallocr 
application of the ""^-^J by a DNA sequence, whrch 
B 41 PP. »5 ,1991) """"^ se quence shown in SEQ ID *>= 1 
hybridises to the ^ fj^pha amylase shown in SEQ IB »= 
encoding the mature part of the P 

2 of the present sP~ i£i " h alpha . aw lases covered by the 
specific -^-/^^p^.a^lasea" include the 
definition "'"^■^^L. (» "8 023, and shown rn 
Aspergillus oryzae TAKA alpha _ amy lase disclosed in EP 

SEQ ID NO: 2, and the a. niger ^ ^ ^ niger 

333, 779 B 2 (section [00371 (see also 

ge „e in Example 1) . ^^-liKe alpha-amylase is derived 

in an embodiment the the gen us Aspergillus. 

. £ro m a fungal organism. « particular 
in particular a. oryzae <* A. niger- 

l mvp alpha -amylases 
E^cIal^T^rlable parent 9 is , 

>0 include Fungal (from Novo Nord ^ ^ s „ ain o£ 

fungal alpha-amyiase obta-d^ ^ used 

Aspergillus oryzae- I» Be (2 _ 7% glucose) 

production of high o.ltose syrups, « 30 . 37% 
or high conversion alpha . any lases include Clarase" 

B maltose. Other c-ercral fungal^a IP ^ ^ ^ 

r^myTZ m -yme. Biosystems, derived from Aspergillus 

niger- pitngaMYL.® (and similar products) is 

In the brewing industry, £ e»entability of 

30 added during fermentatxon m order 

-Tthe alcohol 

—ion of -- u ^ e r r e ^faction 

equipment favors low te p ^ ^ ^.^ and can 
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AlP*-^^ to a variant of a 
^^-il^Ta^T^nventxon -lates t 

i hitp aloha-amylase comprising one 
5 parent Fungamyl-like alpha y or region(s) in the 

mutation(s) in the following positions (s) 

amino acid sequence shown in NO: 2: 

Region 98-110, 

Region 150-160, 
10 Region 161-167; 

Region 280-288, 

in an embodiment the reg followin g positions: 

20 Specific substitutions are 
98X, preferably T; 
99X, preferably T; 
100F,Y,W,I,M; preferably Y; 

101R; 
25 102S,T,V; 

1031, F,V, preferably I; 
104T,V,I; 

105X, preferably A; 
106V,L,N,D,Q,E, preferably V; 

30 1 07V, I, M; 
108Y,R,K; 
109D,N,Q; 

110Q " k ,- me nt the region mutated is Region 150-160, more 

in an embodiment the reg followi ng positions: 

35 specifically one or more of the 

15 0,151,152,153, 154, 155,156,157,158,159,160. 

Specific substitutions are 
151Y,Q,L,I,R, preferably Y; 
152V, L; 

40 153T,N,S, preferably S; 
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154L f Y,V # T,S, preferably L; 
155F,N, L; 

156X, preferably D,N,S,T; 
157S,T,N; 
158E,Y 

159X, preferably S,A; 

160X ;rr — n t th e r e 9 ion ^ is R e g i.n 1S1 -1«7. 
speciLany one or .ore of the foUowin, po S ™ «1. 1«. 
163, 164, 165, 166, 167. 
Specific substitutions are 
1611, S, T; 
162D,N,Q,Y; 
163E,Q,N; 

l66V,F,Y,l,S,T,prefeably V,F,Y; 

167A; . , fa j Reaion 280-288, more 

In an enfcodiment the — mutated ^ 

specifically one or more of the 
280,281,282,283,284,285,286,287,288. 

20 Specific substitutions are 
280Q,Y,R; 

281X, preferably T,A; 
282X, preferably S,T; 
285L,N; 
25 286X, preferably D; 
287V, S, A; 

288N,F,Y,E,D, preferably N; 448 _455 more 

^™ ori i- 1-he reqion mutated is Region 
In an embodiment the reg foll owing positions: 

specifically one or more of 
30 448,449,450,451,452,453,454,455. 
Specific substitutions are: 
44 8X, preferably A,L,Y,S,T; 
449x, preferably L,V,S,T; 
4501 , T, L; 
35 4521, L; 
4541, L; 

455D,E,S,T. Reaion 468-475 more 

In an e^odiment the region mutated is g ^ 

specifically one or more of the 
40 468,469,470,471,472,473,474,475. 
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Specific substitutions are: 

468F, Y,H; 
469E,D,Q,N; 

470X, preferably A,S,T; 
471N,T,K,R,F,Y preferably N,T,Y; 

472R; 

47 3L, N, Y; 

475X, preferably T,R. 
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proved Btabl Utv a PH ^ ^ ^ Fungamyl . like 

1 h TmySe *o acLic in .prison to the parent alpha- 
alpha-amylase » r un -mutated alpha-amylase, . 

stability at acrdrc pH , s hg ^ ^ ^ may be 

parent alpha-amylase. That tn * Metho ds" sectron. 

determined as descried rn the Mater- ^ ^ 

Th e term "acidic pH ■ means a^ ^ . ^ as 4 . 5 , in 
present invention a pH in the rang 

particular 4.2-4^ alp ha-amylases are desired, 

Providing — aCldlC p 9 ossibility of using the fungal 
because it opens up for the P simultane ously with a 

alpha-amylase variant together with o {dextrinaza tion) 
suitable glucoamylase, e.g., 
saccharification step in starch processes. 

Thermal stability provide a more 

One object of the invention is P 
thermostable Fungamyl-like alpha-amylase 

—te^re opti»m ^^^^ ^ 
temperature. That the .-^^^ & Methods „ action, 
determined as de^ed r ^ -e ^ aipMlases is 

Proving more t eifinmt and/or raster 

desired because it render ^ ^ Uqpje£actlon 

Uo^ef action step pc.sxbl ^ ^ (i e , 

^ coX ^eclir.urther, the ris. o t Section is also 
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reduced. r»f the invention may 

It is to be ----:;^r b : m i 

have both a more stable at aciaic v 
in particular at acidic pH. 

Homology (Identity) he pare nt 

Th e homology (iaentitv, ^f identity be t„een 

al pha-amylase is determined as the deg o£ the 

two protein or ON, seances (identity) ray 

£ir st se^ence from the programs kno „„ in 

su itahly - nthe SCO program package .Program 

the art such as P™ g< Augu8t 

rtic/UTe, Sroup, ». Science ^ve Maaiso, — 

- S3 711 , — „, a ,. and = ; ( (de£ault) GW 

o£ Molecular Bic^g «. £ penalty o£ 0 , 

- eatlOTP r f or nucleic acidic seance comparison,- and 
respectively, for nucl extension penalty 

(defauit, «P --»-^ e B n ^ prison. »P uses 
of 0.1, respectively, for protein 1" iol _ 48 , 

th e method of weedier and Wunsch («7«. ^ 
p.443-453, to make alignments and to calculate the , 

usi „g „ »ith - ^ — y ^ r amylase has a 

r e rr: f -r/re^iv - - ~ - - - 

-i qos- more preferably at lea^ 

least 80%, at lea t 90 . mo P ^ ^ ^ ^ 

preferably at least 97,, and m P ^ ^ 

the mature part of the ammo acid sequen 

. . , _ n vr A seouence shown m bby ±u 
and encoding part of the DNA sequen inven tion has 

in a preferred embodiment the variant of the 
ijld thermal stability, in particular at acidic P H. 

rsilTI 1 '^ orp^cleJtide or ami. acid sequence of 
the alpha-amylase in question. isation involve pre- 

sumable conditions for testing y a 
• c;vqqc and prehybridizing for l hour at 
soaking m BxSSC and pry solution, 50mM sodium 

40 solution of 20% formamide, BxDenhardt 
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p hos P hate, phT.S, ana SOm, of -^^^S 
DNA, followed by hybridisation in — by three times 

uit h 100 n* ATP for 18 hour* , at 40 ^ ^ ^ ^ ^ mimtes 
„ashing of the filter - ^c, ^ ^ _ „ 

preferably at 65°C (hig about the 

.very J^rco, et al ., Molecular 

Hybridisation method oan be found ^ 
Cloning: A Laboratory Manual 2nd ^ ^ ^ 

!» the present context, deri lble by . strain 

to indicate an alpha-amylase produce d P encoded by 

o£ the organism in question, but also P ^ _ ^ 

•^lai-^d from such strain <*uu. ^ 
a DBA sequence isolated fro e . Fina ily, the term is 

onanism transformed with sard » is encoded by a DNA 

tended to indicate an md „ hi ch has the 

sequence of synthetic and/or cD«A J .„ ^ es tion .The 
identifying characteristics of th -IP J alpte -amylase 
term is also intended -^«^ ng ^.amylase, i.e., a 
may be a variant of a natu y ^^ation (insertion, 

> .^tletioS of te or more amino acid residues of the 

substitution, deletion; 
naturally occurring alpha - amylase . 

Aina an Fungamyl-like alpha - 
a DNA sequence encoding an y , 
Cloning a dna »«sd amylase The 

sequence encoding a pare ^ ducing alpha-amylases, 

isolated from any cell or microo g ^ MA 
using various ^ ^^co^*- -ing chromosom.1 DNA 

and/or cDNA library should be produo es the alpha- 

30 or messenger «- * « ^ sequence of the 

amylase to be studied^ Then^ eotide probes may be 

alona-amylase is known l*ele 8e _ encoding clones 

synthesized and used to identify _ P ^ 

£rora a g enomic ^^^2^ *»> 
35 Mternatively a ^^er ^o«i alpha-amylase gene could be 

'T^tT: J J alpha-amylase-encoding clones, using 
used as a probe to ^ it - io ns of lower stringency. 

Hybridisation and washing alpha .amylase-enccding 
Yet another method tor 
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W i inserting fragments of genomic DNA into an 
cl ones would involve insert-g £ transforming alpha -amylase- 
exp ression vector, such as a ; ^ and 

negative bacteria with the containing a 

then plating the transformed bacteria o 
substrate for alpha-amylase U.e., . dentified 
cl ones expressing the «^«^° the enzyme may be 

Al r^al TbHs^-d standard .methods, .. g . 
preP ared synth ^ J ^ 
phosphoroamidite method 1859 -1869, or the 

MQR-n Tetrahedron Letters 22, p. ^ 
> caruthers, (1981), Tetr (198 4), EMBO J. 3, p. 801- 

method described by Matthes et al., U J ^ nucleotides are syn- 

805 . In the ^^^J^^. — 

thesized, e.g./ . arlf . nrq 

annealed, Ugated and cioned in ■"^^^ wd syn the- 

ti c origin, ^xed fragments G £ synthetic, genome 

cDNA origin, prepared by ligating 3 corresponding to 

or c,» in accordance wit, 

various parts of the entir be ared by 

fn^ tesUr in US - .... ~" « ^ 

(1988), Science 239, pp. 487-491. 
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be en isolated, and desirable sites ^ ^ ^ These 
5 ti ons may be introduce, usin g ^ the 
oligonucleotides contain nucieot^d se^ue ^ 
desired mutation sites. In a speci created in a 

gap o£ Dm , the alpha-amylase-encoding seance is 
vector carrying the alpha-amylase gene. Then the J 

■hv,^ Hpsired mutation, is annedic 
,0 nucieotide, bearing . the Dm . The fining gap 

homologous po t n the J j ^ and the 

-rersr^^nSor-'Jtroduction * 01^- 
15 ^:::r — — by r= »~ - - 

erations of the cassette. However, "J^J^ ^ Morinaga 
nutations can be introduced at yarious 
method, because a multitude of oligonucleotides, 

20 lengths, can be introduced. a-amylase- 

<-v^h for introducing mutations into y 
mother method for » ^ Long , (19M) , 

encoding «* seguences r describe* ^ ^ ^ 

analytical Biochemistry 180, p. 1« station 

of a PCR fragment containing the desirea 
generation of a * «, mt h= s ized DNA strand as one of 

introduced by using a chemically ^es-ed PCR . gene rated 
the primers in the PC* ^^'"Ton may be isolated by 
fragment, a D» fragment carrying the mutation 
cleavage with restriction endonucleases and 
expression plasmid. 
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Kandom Mutagenesis ,; rablv performed either as localized 

Random mutagenesis is suita y y three part3 o£ 

or r egion-specific random ""^^ se ^ e nce shown in 
tte gene translating to the amino 

^estion, or within the ^ encoding . parent 

The random mutageneses of a D use o£ any method 

tie conveniently performeo. i 
glucoamylase may Be 

known in the art. t o£ the present 

In reiation to the above, a ur ^ ^ ^ ^ , 

invention relates to a ^ th e variant exhibits 

the rr; "ecd res. — - — 

W " fining ^ « cells 
Jant which has an -"^^e Jlph^lase . 
, 0 reiative to the parent £ invenCion is preferably 

step <a) of the above method of ^ uorking 

per£oOT ed using doped primers, as 

examples herein (vide infra) • be performed by use 

For instance, the ™^^ BDiz ^ agent, by use of 
B o£ a suitable physical or chem ^ ^ ^ sequence to 

a suitable oligonucleotide, ^ ^ random mutagenesis 

PCR generated mutagenesis. o£ t hese mutagenizing 

m ay be performed by use of any combi ^ ^ 

agents. The mutagenic agen m*y ^ ^ deleCions , 

. • „ i--ransversions, inversions 
transitions, transveio 



30 

and/or insertions 
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* * nhvsical or chemical mutagemzmg agent 
Examples of a physical ox. 
^ * t-h*. nresent purpose include ultraviolet (UV) 
suitable for the present p rp o „ N _ nitrosoguanidi ne 
radiation, hydroxyzine , N-methyl N 
(MNNG) , O-methyl hydroxyzine, nitrous -*xd ^hy 

r r Ten --^rr r d ; c 4 . 

y Permed by ^^^^ - 
pa rent enzyme to - ^ for ^ 

^^^l^ - selecting for mutated DNA having 

the desired properties. TOrfoEtned by the use of an 

When the mutagenesis is pertormea y 
oligonucleotide, the oligonucleotide may be £ 
the three non-parent nucleotides ^7^ jTZn^. The 
, oligonucleotide at ^ Jols \or unwanted amino 

d oping or ^ToHgonucleotide can be 

acids are avowed. The dop £ enzyme by ^ 

incorporated into the DN ^ polymerase 

published technique, using, e.g., El - K ' 

» - li T "v^a^H^- out using ..constant random 
Preferably, the doping mut ation in 

d o P ing.., in which - ^ doping may be 

each position is P^ £ - intro duction o£ certain 

erected toward £or ^ introd uction of one 

a nucleotides, and thereby a J fce ^ 

or more specific amino acid residues 

so as to allow for the introduction of 90. wild yp 

e ' 9 '' . • „,„ oosition to additional consideration in 

10% mutations in each position. «. 

„ -™ „f a doping scheme is based on genetic as well 
the choice of a doping be ^ by 

30 protein-structural constraints^ The dopi g _ ^ 

using the DOPE program which, inter alia. 

introduction of stop codons is «»"?*• , chemicallY 

W hen PCH-generated mutagenesis is 

K ir^rati:: of nucleotides Ashler I— - 

Technique, Vol.1, 1989, pp. 11-15). 
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^ al Molec. Gen. 

* „ (Fowler et ai . , 

X mutator strarn of E o ^ ^ any other 

l». »7«, PP. 1" » - ^ mutagenesis o£ the 
microbial organism may be used t tra nsforming a plasmid 

DNA encoding the glucoamylase by, e.g . 
, containing the parent and isolat i„g the 

growing the mutator strain with the P ^ ^ plasmid 

mutated plasmid fro. the -*»»^ r expression organism. 
ma y be subsequently denized may be conveniently 

The DNA sequence to be 9 £rom an organlsm 

w prese nt in a genomic or cDNA Uta*y P the » 

pressing the parent ^^ .ector such as a plasmid or 
sequence may be present on su ated wit h or otherwise 

a bacteriophage, which as such may ^ ^ mutagenized may 

exposed to the -^^^ by being integrated in the 
15 also be present in a host eel , vector har boured in 
15 g enome of said cell or by berng My be in isolated 
the cell. Finally, the » . » * »tage ^ ^ 

£or m. It will - ^^J£ y a c»A or a genomic « 
to random mutagenesis is pr 

9n sequence. to amp iify the mutated DNA 

in some cases it may be convene „t to P^ ^ ^ ^ ^ 

seq uence prior to P-*»« may be performed in 

screening step o) . Such -* ll£ ^ at t ly preferred 

accordance with methods Known rn the , oligonu cleotide 
25 method being PCH-generat- . ^ ^ ^ ^ acid „e 
primers prepared on the basrs 



of the parent enzyme. 
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, To the incubation with or exposure to the 
Subsequent to the ^ fcy culturing . 

mutagemsing agent the - ^ ^ condltlons 

citable host cell carrying ^ ^ ^ fw thls 

allowing expression " "** p transfo „ed with the mutated 

purpose may be one which has been ^ ^ was 

DNA sequence, optionally present on a vec , ^ 

— th ; « „ r 

^ P osit,e bacteria such as 

^iHus ^ f °" 1S h . lu ^ ciUus alkal o P nnu S . Bacillus 
Bacillus stearothermophrlus. Bacill cJrculan s- 

^ • „ narillus coagulans- BacIiiU& 
a^yloliquefacaens, Bacili Bacill us thuringiensis, 

Bacillus lautus, Bacillus ^ater.u,, Bacll ^ 
str ep W ces lividans or streptcyces .uranus, 

bacteria such as E. coli- compri se a DNA sequence 

T ne mutated DNA sequence may ***** * mutated DNA 

encoding functions permitting expression 



sequence . 
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L0 c.U«d random -*^-»V be adva „tageously localised to a 
The random mutagene-s may be ^ ^ ^ ^ be 

^ o£ th e parent alpha-a.ylase xn qu ^ ^ 

advantageous when certain region of t ty q£ 

identified to be of particular important fo 9 
the en,yme. and when modified - e^cted^to re^ ^ ^ 

having improved ^ ' ^ o£ the par ent enzyme has 

identif red when the tert y ^ ^ ^ ^ 

been elucidated and related ^ ^^^^ . 

Th e localized, or reg p enerat ed mutagenesis 

conveniently performed by use sult able technique 

techniques as described above or any °^ the 

^ i- ^""t be modmed ty be'soiated, e. g „ * 

part of the ON, sequence to ^e ^ ^ ^ ^ be 

insertion into a suitable vector, ^ 
subsequently subjected to mutagenesis by use 
mutagenesis methods discussed above. 
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t- of the invention 

alternative methods for w0 95/2262 s (from 

include gene shuffling, . g ., ^ ^ Norfisk 

Affymax Technologies N.v.) Ie3ul ting in a hybrid 

h/s) , or othe r correspond^ technique, ^J^, and/or 

the mutation (s), e.g., 
enzyme comprising tne 

deletion, in question. 

Egression of Alpha-Axnylase Variants ^ ^ 

According to the invention, a 
varia nt produced by methods -scribed ^ enzyme form , 

tive methods known in the ar , t ical i y includes control 

using an expression vector vl riboS ome binding site, 

seances encoding a promoter, ^ > ^ ^ 

translation initiation signal, and, P 
or various activator genes. 

Expression vector carrying the DNA sequence 

The recombinant expression inve ntion may be any 

encoding an alpha-amylase vanan ^ ^^.^ DNA 

, V ector which may conveniently be ' ^ depend on the 

procedures, and the choice of « The vector ma y be 

host cell into which it is t integrated into 

cn.^^**^^^^ together with the 
the host cell genome and rep integrate d. samples of 

;5 c hromosome(s) into ^'J^^. 
suitable expression vectors inclua p 

Promoter Dhnll1(1 be operably connected 

In the vector, the ^ seance »*££J fce ^ DNA 
,„ to a suitable propter se^ence The p ^ ^ ^ 

— *f T^e"r -olg proteins either 

of choice and may be deriveo = ^ 

homologous or heterologous to the hose ' transcrip- 
of suitable promoters ™ ^ J e v „ iant o£ tne 
„ cion of the ™* seance encoding an alp^ ^ q£ 

mention, especially in ™ ~ es coelicoloI agarase 

the xac operon o ^ ^ ^ lidienlfor mis 

gene dag* promoters, the p ^ ^ ^ 

alpha-amylase gene (amyl,> ■ 
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7,„ fl maltogenic amylase gene (amyM) . the promoters 
stearothermophilus maicoy 

of the BaciHus a.yloliguefaciens alpha-amylase UmyO , th 
promoters of th. Bacillus subtilis «Y» «* ** 1B 9— 
transcription in a fungal host, examples of useful probers are 
those derived fro m the g ene enoodin g A . oryzae TRKA amylase, the 
TPI (triose phosphate isomerase) promoter from S . cerevisrae 

-r u i Oenet 1. P- 419-434, Rhizo- 

(Alber et al. (1982), J. Mol. Appl . Genet i, p 

■ h ■ aspartic proteinase, A . niger neutral alpha- amylase, 
mcot inzehea aeparti p glucoamy iase , Khizo- 

a niaer acid stable alpha -amylase, A . mger 9 J- 

. alkaline protease, A. oryzae 

mucor miehei lipase, A. oryzae alkaline p 

triose phosphate isomerase or a. nidulans acetamidase. 



Expression vector inventio n may also comprise a 

The expression vector or une xnvc 

suitable transcription terminator and, in euxaryotes, poly- 
15 suitarue t-Ldiio ^ sequence 

adenylate seances operably coveted t o the ^ 

encoding the alpha-amylase variant of the inven ^ 

and polyadenylation sequences may suitably be den 

qame sources as the promoter. 

The vector may further comprise a DNA se^ence enablrng the 
20 vectt to replicate in the host eel! in question Examples of 

such sequences are the origins of replication of plasmrds P ,C 19 , 

DACYC177, pUBHO, P E194, pAMBl and pIJ702 . 

P L vector may also comprise a selectable ^ 
25 the product of which complements a defect » the host cell such 
as the da l g-es from B. subtilis cr B. lichen.for^s. or on 

_ , _^ mi rh as ampicillm, 



whlc h confers antibiotic resistance 

i ~v fpt-rarvclin resistance. tuj. 
kanamvein, chloramphenicol or tetracyclic 

kanamyuj.ii, r selection markers 

thermore, the vector may comprise Aspergillus seie 

am rfq araB niaD and sC, a marker giving rise to 
30 such as amdS, argB, ma be accomp i is hed by 

hygromycin resistance, or the selection may 

aq described in WO 91/17243. 
co-transformation, e.g., as aescriD 

* m niaate the DNA construct of the mven- 
Th e procedures used to J^^ D r , termnator 

tion encoding a glucoamyiase variant, t p 
„ and other elements, respectively, and to insert 
35 ana otiiei. -information necessary for 

a„ii-;»KlP vectors containing the mrormauiou 

fcation are well Known to persons skilled in the art c t 
for instance, SambrooK et al., Molecula JL «onrn^^ 
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Manual, 2nd Ed. , Cold Spring Harbor, 1989) . 

„ CeUS ll o£ the invention, either comprising a DSA construct 
The cell o£ the in invent ion as defined above, is 

or an expression vector of the reco ^ lnant production 

advantageously used as a host eel The cell ^ be 

o£ an alpha-amylase variant of the ,J ^ 
transformed with the » construct - ^ n ^ or 

variant, conveniently by integrating the TM integration is 

• i -in the host chromosome. This mi. a 
more copies) in tne sequence is 

generally considered to be an Vantage as the q£ 
«. liKely to be stably -ntain d ^ ^ 
the DBA constructs into the host _ hOT10 iogous or 

according to conventional methods, eg V ^ 
, heterologous recombination. ^""^ above i„ 

transformed with an expression 

connection with the different '»« J* ^ ^ anigher orga nism 
Th e cell of the — ^ ^ ^ inferably a microbial 
such as a — a - ^/fungal (including yeast, cell. 
° » U ' e ' 9 :' 3 of suttlble bacteria are G ram-positive bacteria such 
Kxamples of lictie ^is. Bacillus lentus, 

as Bacillus subtilis. Baciiius UanilluB alkalo- 

. 4* Bacillus stearothermophilus, Bacillus alKa 
Bacillus brevis, Bacillus coagulanS . Bacillus 

ph il U s. Bacillus amyloli^ ™ ^ „ Bacillus 

-i „ q^rillus lautuSf ^aci-L^uo ^ 
25 " rCUianS ' , s or strept omyces lividans or Str eptomyces murinus, 
thuringxensis, ° r Strepzoi y transformation of 

bacteria such as E.coli- ine 
or gram-negative ^ d by protop last trans- 

the bacteria may, for instance be ^ ^ 

formation or by using be 3eiecte d from a species 

The yeast organism may favorably sacchar omyces 
of saccharoses °r Schisosaccharoayces, e.g., 

cerevisiae- filamentous fungus, e.g., a 

The host cell may also be a pte£e rably 
strain belonging to a species of Aspergillus, m P 
strain k»" strain of Fusarium, 

35 villus oryzae or Aspergillus rugar, or _ (in 

such as a strain of FuS ariu, ^"^^^y Spuria 
the perfect state named Gribberella zeae, P 

tne pei j- nihherella roseum f - S P- 

,-*-h rihberella roseum and Gibbereiia 
zeae, synonym with Gibberena 
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W , in the prefect state named 

"""" ' var linear™), <"* 

5 with Fusariu* crofcxwellnse, or F ^ ^ ^ i3 , 

In a preferred embedment of the ^ nay £o r 

prote ase deficient or protease , ^ ^ genus 

Stance he the protease ^ _ a 

As per 3lii us, in P—cul" J gene named "alp" 

10 oryzae "«™" in w0 97/ 3S 9 56 ( »ovo H ordisK, . 

deleted. This strain is descrrbed ^ by a process 

Filamentous fungr cells may transforma tion of the 

involving protoplast J ^ ^ in . ^er 

protoplasts followed by regeneration ^ ^ mlcro . organis m rs 
„ Known per^e- The use of Asper^ o£ „ hich are 

described in EP 238 023 <Novo Kordrsk) , 
her eby incorporated by reference. 

, v ^vlase variant of the invention 
Method of product an ^-^^ lnvent ion reiates to a 
in a yet further aspect th P rf the invencl on. 

method of producing an ^ cell ^der conditions 

„hich method comprises ^ imt and recovering the 

conducive to the product- of the 

variant fron the cells and or cul be ^ conventl on- 

The medium used to cultivate t ^ ion and 

M al medium suitable for growrn, he ho s ^ ^ ^ 

obtaining expression of the ^ ^ gammteM supp liers or 
lon . suitable media are avarlabl ^ ^ as 

ma y be prepared according J ^ . 

„ described in catalogues of the Ame ^ ^ cell3 my 

Th e alpha-amylase variant ^ secre ^ ^ ^ 

conveniently be recovered from ^ thfi medlum by 

procedures, including precipitating proteinaceous 

centrifugation or 'i 1 ™"-'^ * . 8a lt such as ammonrum 
35 components of the medium by ^ ^ hic procedures such 

S ulphate, followed by the use of chr chOTatography , or the 

as ion exchange chromatography, affm 



like. 
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Starch conversion method of using alpha- 

- T ITT —1 J producing glucose or 
amylase variants of tne 

maltose or the like from starch. o£ ially 

OeneraUy, the method .^"f '^ce o£ aipha-amylase and 
hy drolysing precursor starch » h pr ^ ^ non . 
th en further hydroly^ng the and polysa ccharide 

llflS 4, and alpha- f ^f^^ starch utilizing 
The partial hydrolysrs of the p^^ ^ ^ ^ 

alpha-amylase provides an mrt . linka ges. In 

macules hy ^ ^ ^ s using alpha- 
commercial applications, the xnrt y 105 „ c a very 
, amylase is run at a temperature of PP ^ ^ 4Q% 
high starch concentration i. pr<*«. ^ ^ ^ £ . ve 
solids. The initial hydrolysrs » ™^ hydroly ,ed 
minutes at ~ - ™? ~ 
, S^T- ^ a te.er.ure of SS- to K-C to derrve 

10 . n M , m y ) of 10 to 15. 

a dextrose ^ ^^g the release of D-glucose 

The step of further y ^ ^ oUgo _ and 

£r om the non-reducing ends of ^ ^ glucoamylase is 

polysaccharides molecules „J* ^ ^ temperature 

B normally carrred ou » * o£ the subs trate 

between 30° and 60°C. Prelera y ^ solutlon 

Ho^id is dropped to between ^ ^ J„ esn 3 and S.5. 
is dropped from 6 to b. 4 5 . The glucoamylase 

Preferably, the P H of the is ' carried out for 24- 

30 is added to the solution and the reason 

72 hours, preferably 36-48 hours. Fun gamyl-like 
By improving the thermo stab.lxty ^ ^ 

-, variant according to tne mve 

■ „„".r; : = — — — ■ 
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Brewing , invention may also be used 

The alpha-amylase variant of the m 

in brewing processes. 

High 1«. ««— — ,5 t r o r"y Se) b a used for maltose 

A variant of the — produced as folio- . 
production. High maltose syrup i. » 

^^TT^TMaltose syrup . ^ 

10 . 20 . The p „ and temperat ure of «- ^ u 

adj „sted to and to * J« * acCivlty , ^nus 

subj ected to ; tcH, — ... Vt 

stearothennophilus amy ac tivity (e.g., Bacillus 

DS (Novo Nordisk)), pullulanase ordl3k) , 

such as Promozyme- 600 L, 0.3 1/c u 
pullulanase, Bucn 8 BAN 240 L or Termamyl- 120 L, 

and alpha-amylase activity (e.g., The 

, /v no (Novo Nordisk)) for a 
type LS, 0.4 kg/t DS (Novo 3ac charide spectrum 

specific process time depends on the de c ^ 

, to be achieved. By increasing the dosage , noreased . 
— e and pul^anase the = -~ <^ ^ 

Alternatively. High . M ^ ^ adjusting the pH 

£i rst lio^efying starch t g ^ respectively , an d 

and temperature to 55=C and P alpha - a mylase 
s subjecting the liquefied starch ^ as 

activity (e.g., Bacillus stea ^ ^ dosage of 

Fungamyl™ 800L (Novo Nordisk)) sacchari f ication time 

fungal ^^^t 2 hours and 4 00 g ,t » f « » 

foreseen, e.g./ zuu y/ 

M hours. ovruo" starch with maltose 

To produce -High Maltose Sy™P ^ pH and 

content of 55-65% starch is liguefied to « ^ ^ a 

temperature of the li*uefi ed^h, ^ ■ alpha . 

PH HaCena- -00 ,. 0.25-i.O 1/t OS 

35 amylase activity (e.g., alpha . aim , la se activity (e.g., 

(Novo Nordisk)), and fungal DS 

Fungamyl™ 800 b, 

Aspergillus amylase, such as 
(Novo Nordisk) for 24-48 hours. 
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" .v, licruefied starch may adjusted to a 
Alternatively, the liquefied subjected to 

„f 65°C and a pH around 5.0 ana s j 
temperature o£ 65 C activity ( e . g ., Bacillus 

maltog enic alph -amylase ^ ^ ^ ^ ^ Q 

jror^rpuTlulanase activity <„., Bacillus P— ase, 
1/t DS>. ana p ^ i8 42 hQurs . 

such as Promozyme™ 600 L, 0. ^ngamy 1 - 1 ike variants 

According to the invention one or more J ^ ^ 

of the invention may be used instead of or tog 
a Le mentioned fungal alpha-a^lase activity. 

Bakl ; 9 he alpha-amylase variant of the invention may also be used 
in baking processes. 

Use . , atpB to the used of a variant 

in one aspect the invention relate prodU ction, 
f nr starch conversion, alconoi v 
of the invention for starcn 

brewing, baking. 

, p ro =e. S e. =f the a process of producing maltose 

The invention also relates 
sy rup comprising the steps of. alpha . amy lase,- 
!, liquefying starch in the presen ^ ^ 



25 



30 



35 



liquefying starch m the P ^ ^ ^ alpha . a m yl ase 

2) dextrinization in the pre 

variant of the ■ — optional purification of the 

3) recovery or tne byj-"f 

syrUp - 0 * for liquefaction in step D may be 

T he •^-^^^T^. wl « are Bacillus alpha- 
any ^^-^ 1 ; S a e ;;;: £ r l wl . like alp ha-amylase, which including 
amylases, such as a (c o™ercially avaUabXe as 

the B . lichemformis aipna a jr,ha- 
Termamyl™ (Novo NordisM) . the B. a^oli^fadens alp 

.sold as BAN (Novo NordisW, the B. stearothe^ophUus 
amylase (sold as BAN alpha _ 

alpha-amylase (sold as Termamyl 12 > 1 '» SCIB 12289 , 

amylases derived from a ^ ^ * f c h a re Ascribed in 
- 12512 M oTs/ 2 i r 7 3 :ndThe 9 al ha'amylase described by 
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• 15! (1988), PP. 25-31. Alpha-amyTases within the 

1) liquefying starch at a temp 

• • ,-on at a temperature in the range from 60-95*0, in 

2) dextrinizat 1 on at a temp the 

<- « ftsor such as 70-80°C, at a pH 
particular at 65-85 variant of the invention; and 

3) recovery of the sytup, 

syrUP - , rtf the invention an effective amount of 

In a n embedment of the inv ^ ^ ^ this 

glucoamylase is added m step ^ glucoamyla se) not be 

+- /-inrludinq treatment witn ^ 
embodiment (including t sugar profile. 

maltose syrup, but syrup with a glucoa mylase, in 

The glucoamylase may be an Aspergillus 
particular an Aspergillus niger glucoamylase. 

Alternatively, the process comprising the * eps of: ^ ^ 

, minifying starch at a temperature of 95 
in the presence of a Bacillus alpha-amylase 

2)llque£ying , a Liant of the 

ZZZ^Z*^ -or optional purification of 
, 5 the product obtained. 
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amylase variant of the ^ . n ^ ^ such as 

be immobilized using any suitab 4 , 68 7,742. 
me thod used for glucose isomerase in US patent 

MATERIALS AND METHODS 
Material : 

(available fro* Kovo Nordic, and sho» « SBQ ID »■ 

Host cell: ip0 4177 available 

— ^ aaLl 2 S : .spares ^ 

from institute for Fermentxon, ase gene 

yodo g a„a-Ku. oea*a, .apan, hav.n, , the a Kan p 

n // /^Qrribed by Murakami K eu di - ' 
na^ad "alp" J*^ 4 * deleted by a ona step gene 

Biol. Chem. 55, P- "Applied Molecular 

, replaced method (descrrbed by o. May in PP ^ ^ r 

Genetic s ^ l-i:— 'and%ro £ e 3 e i onal,. using 

Kinghorn and G. Turner, *i . g further 

the a. oryzae py* gene as marker. Strain 
disclosed in WO 97/35956 (Novo Nordisk) . 



25 



^iS^ZS^Bi^l . _ 318 . MAT a leu2- A 2 ura3-52 

Strain: Saccharomyces cerevisiae YNG318. 

his4-539 pep4-Al[c ir+] 



(0 Methods: (qeneral procedure) 

Tra 2 sfor S tio iL of_ a s^^ Yeast 

100 ml of YPD (Sherman et al . , ( ■ inoculated uith 

spores of A. oryzae £iltration through miraclcth 

3S hours . The .ycenu. « ha- t y ^ ^ 

and ^ h 2 ° m 10 . NaH2P04 , p „ 5,. The suspension 

ln 15 m l of 1.2 « m «. containing 120 mg o£ 
is cooled on ice and 1 mi 



5835.204-WO, 26 



10 



15 



Hovozym™ 23«T. added. After 5 .in.. 1 ml o£ 12 
"sigmTtype H25) i. added and Incubation with gentle agitation 

onlinued for X. 5-2.5 hours at 37C until a large nu^er o 
protoplasts i. visible in a sample inspected under 

""icroscope. . ia £iltered through miracloth, the filtrate 
The suspension is filterea tmo y 

transferred to a sterile tube and overlayed with 5 ml of 0.6J. 
sorbitol, 100 n* Tris-HCl, pH 7.0. Centrifugation is performed 

min. at 1000 g and the protoplasts are collected from 
top of the MgS0 4 cushion. 2 volumes of STC (1.2 M sorbitol, 10 
* Tris-HCi, P H 7.5, 10 *. CaCl 2 , are added to the protoplast 
suasion and the mixture is =entrifu g ated for 5 min. at 1000 
g. The protoplast pellet is resuspended m 3 ml of STC and 
Ipelleted. This is repeated. Finally, the protoplasts are 
resuspended in 0.2-1 ml of STC. 

100 micro liter of protoplast suspension are mixed with ,5 25 
mi cro grams of P3SK2 (an a. nidulans amds gene carrying 
described in Hynes et al., Hoi. and Cel. Biol., Vol. 3, Ho. 
t 0-1*3,. Aug. 1,83, in 10 micro liter of STC. Th< > ™ 
left at room temperature for 25 minutes 0.2 ml of 60, PEG 4000 
'boh 2,576), 10 - CaCl 2 and 10 m Tris-HCl, pH 7.5 is added and 
carefully mixed (twice, and finally 0.85 ml of the same solution 
are added -and carefully mixed. The mixture is left at room 
temperature for 25 min., spun at 2.500 g for 15 min. and the 
temperatu sorbitol. After one more 

i pellet is resuspended in 2 ml or i.ai „,,,-« 

_ -i^-ho a-r^ snread on minimal plates 
sedimentation the protoplasts are spreaa „ Ht , iIia , n 

(C ove, ,1966,, Biochem. Biophys. Acta 113, 51-56, containing !^0 
M sucrose, pH 7.0, 10 mM aoetamide as ^^T^?*?,*' " 
CsCl to inhibit background growth. After incubation for 4-7 days 
n at 37C spores are picked, suspended in sterile water and spread 
for single colonies. This procedure is repeated and spores of a 
single colony after the second re-isolation are stored as a 
defined transf ormant . 
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^-^ Li£E!1£! ^^. ■« reformed in a medium comprising 
Fed batch fermentation ib performed in ^ 
. ^ • o= a carbon source, urea as a nitrogen 
maltodextrin as a caroon b . at ., on is performed by 

«- The fed batch fermentation is pe 

yeast extract. The rea in 

Lculating a sha k e flas* - - _ and 

Ration into a medium c « ^ of cultivation a, pH 
0.5% of the nitrogen source. After additiona i carbon and 

5 .„ and ,«.C the continuou, ^Jon ^ is to* as the 
nit rogen sources are r^tiated^ ^ ^ ^ in 

limiting factor and it is seen a£ter 
„ The « batch - — \ centrifugation, 

which the enzymes can be filtratio n. Further 

ultrafiltration, clear ^ on .\„, olographic 

purification may be done oy 
methods known in the art. 

? U ^ £ ^ 2E - v, • fntrated and added ammonium sulphate 

The culture broth is ^rated^ ^ ^ ^ ^ 

(AMS ) to a concentration of 1.7 M AMS P ^ Qn the 

, 5 . Precipitated material is removed ^ C6 ^" 9 Qn a Toyo 
solution containing alpha-amylase 20 m 

Pearl Butyl colum* previously equilibrated » 1^7 M ^ 
sodium acetate, P H 5. Unbound -terial is washed ^ 
^ration buffer. B^d proteins ^ ^ 
5 sodium acetate, P H 4 . 5 using cont aining fractions 

Te cXcred^ralainT. 1m sodium acetate, pH ,, 



The libraries 
issay described below. 
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lUter^axJor^ao^t^i^ o£ 

yeast libraries are p ated on ^ _ ^ 

acetate (OE 67, Schleicher ( Schuell s Schuell , 

nitro cellulos. fiiters £ ^ 100 micro gram/m l 

Dass el, Germany) on SC ura ag P ^ ^ . ^ 

a m P icillin at 30°c for at least 72 hrs. ^ 
plated to PVDF filters (M obilon-P, Hillip 
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activated with methanol for 1 .in and subsequently washed in 0 .1 
H NaAc and then incubated at roc temperature for 2 hours^ 
Colonies are washed from PVDF filters with tap water. Each 
'liter sandwiches and PVDF filters are specifically mar ed wxth 
a needle before incubation in order to be able to oca 
positive variants on the filters after the screening. The PVDF 
p • - ■„ h «nsfprred to a container with 

filters with bound variants are transferred 

0.1 M NaAc, PH 4.5 and incubated at 47°C for 15 minutes. The 
sandwich of cellulose acetate and nitrocellulose filters on SC 
ura-agar plates are stored at room temperature until use. Af er 
incubation, the residual activities are detected on plates 
confl^ S* maltose, 1, agarose, 50 mM »aAc, pK — Jhe assay 
plates with PVDF filters are marked the same way as the filter 
sandwiches and incubated for 2 hrs. at 50<c. After removal of 
H the PVDF filters, the assay plates are stained with Glucose GOD 
perid (Boehringer Mannheim GmbH, Germany,. Variants with 
^ dual activity are detected on assay plates as dark green 
spots on white background. The improved variants 
the storage plates. Improved variants are re-screened twice 
20 under the same conditions as the first screen. 

r — i^Unn of FAU activity 

- one Fungal Alpha-Amylase Unit <FAU, is defined as the amount 

of enzyme, which breaks down 5.26 9 starch (Merck Asylum solubile 
H 4 B 6 Batch 9947275) per hour at Novo Hordisk's standard 
2 method for determination of alpha-amylase based upon the 

following standard conditions: 

Substrate Soluble starch 

Temperature 37 ° c 

30 PH 4 - 7 

^t^d descripXn .ordisk. method is available 

on request . 
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Determinaj^oj^^ activit y (AFAU) , 

Mpna-amylase Units), which are determined relative to an enzyme 

standard. j-i^x t-v.^ 

The standard used is AMG 300 L (from Novo Nordxks) . The 
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n v> amv i aS e in this AMG falls after storage at room 
neutral alpha-amylase in tn FAU/mL to below 0.05 

temperature for 3 weeks from approx. 1 FAU/mL 

FAU/mL. . thig amg standard is 

The acid alpha-amylase activity m this A 

de termined in accordance with AF 9 1/3 l FAU is 

de termination of fungal alpha-amylase). n t* . m e , 
defined as the amount of enzyme, whxch degrades 

dry matter per hour under standard ^ 
xodine forms a blue complex with »t«*^ ^ 
degradation products. The ^^^r starch. Amylase 
directly proportional to the ^~ nt "^° as a reduc tion 
activity is determined using re^se rime ^ ^ 

in the concentration of starcn 
conditions . 

Alpha-amylase 

_> oextrins + oligosaccharides 

40°C, pH 2.5 

t =23 sec. Decoloration 



Starch + Iodine 



Blue/violet 



20 



Stajuia^c^ 



(per minute) 



25 



30 



Substrate: 

Buffer: 

Iodine (I2) : 

CaCl 2 : 

pH: 

incubation temperature: 
Reaction time: 
Wavelength: 
Enzyme concentration: 
Enzyme working range 



starch, approx. 0.17 g/L 
Citate, approx. 0.03 M 
0.03 g/L 
1.8 5 mM 
2.50 ± 0.05 

40°C 

23 seconds 
lambda=590nm 
0.025 A FAU/mL 



0 01-0.04 AFAU/mL 
me working range. • EB . SM _0259 . 02/01 available 

Further details can be found m refe rence. 
on request from Novo Nordis*, and incorporated by 



. „ variant of the inv ention 

i /«w lability nrl-rrmijl 31 - 1 ^ o£ Variant ox __— 

35 1^™^^^ 15 teSt6d 

The thermal stabxlxty of variants + ^ ^ 

using the follows method: 950 micro t r - ^ 

^ buffer is incubated for 1 hour at ^ 

enzyme in buffer (4 AFAU/ml is added. 
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^ at o and 60 minutes and cnTIled on ice. The 
samples are taken at 0 ana , nruba tion (0 minutes) is 

activity (AFAU/ml) measured before , is calculated 

used as reference (100%) . The decline in percent 
as a function of the incubation txme ^ 

To determine the Thermal stability the test P 
using different temperatures, for -stance 50, 60, 



90°C 



TO .eter.ine t h e pH s^iUty *? ^ 

different pHo, for instance, pH 2.5; 3,- 3.5,- 4, 4.5. . 
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k v liqP o^The DOPE program 

The rando* mutagen-* -y « ^ di£icat i=n in the 

1. select regions of interest 

, "Tec'ide on nation site, an, non-mutated sites in the 

selected region, ^ ^ ^ fce ^ 

3 . Decide o des ired stability and/or 

out, e.g. with respect to the 
performance of the variant to be constructed 

4 Select structurally reasonable mutations, 

l ° 5 '. Adjust the residues selected by step 3 with regard to 

StSP 6 4 - Analyze by use of a suitable dope algorithm the 
nucleotide distribution. ^ ^ genetic 

7 If necessary, adiust tne w<*i 

15 , taking into account constraints resulting 

cede reauso, e.g., « kl 9 „ avoid production of 

trot, the genets code, e.g., ° codon 

i-hP skilled person will be aware 
stop codons, the skxl P ^ ^ need fco be 

combinations cannot be used m y 

20 adapted 

8. Make primers 
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MaKe piiiLicio 

Perform random mutagenesis by use of the P"*" . 
Select resulting glucoamylase variants by screening for 
the desired improved properties. 

pope_jlgorj^hm n known in 

S^bTTdope algorithms for use m step a 

...i, * a ^ocsrribed by Tomandl , D. et ai., 
the art One such algorithm is described oy 

n of Computer-Aided Molecular Design 11:29 38. 
1997 , journal of Wf svendsen, A, 

Another algorithm is DOPE (Jensen, , 

Another g Nuc i e ic Acids Research 26:697-702). 

and Kretzschmar, T (199*) WULiCX 



EXAMPLES 
Example 1 

35 Construction_of_ variant Q153S 

f variants of the TAKA-amylase 
For th e —«-"- 0f ' and 2) the commercial 

enzyme <fungamyl» shown in SEQ I JOS nesis kit is 

kit, Chameleon double-stranded, site direct 
used according t. the manufacturer's instructions. 



S835.204-WO, 



Th e gene encoding the en zy me in ^ »tio n is in 



'accordance with the manufacturer's th s s, 

the Ampicillin gene of PTAKA17 is changed to a Mlul 

5 of the following primer: 
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Primer 7258: NO : 3) 

5-p gaa tga ctt ggt tga cgc gtc acc agt cac 

The Seal site in an intron in the Amylase gene is removed 
using the primer 

sTItg'gTT CAT TTC AGA ACT GAC ATT GAG TAA ,S E Q ID KO: 4, 

" desired mutation is introduced into the amylase gene 

in option by addition of an appropriate oiigos compr^ng the 

desired mutation. design: 
To introduce a mutation such as Q153S an olxgo 

Primer 2: 

5 ' p TTC TGT TTC ATT TCG AAC TAT GAA GAT (SEQ ID NO: 5) 

7258 ' ^l::::/::: ^ introduction 0£ ^ 

is verified by sequencing. „,•„„, orvzae host 

The DNA prep, is transformed xn Aspergillus oryzae 
, cell as descriL in the "Materials & Methods" sectxon and the 
transformants are screened for amylase actxvxty. 
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Example 2 



Kli^g^la in Exampie 1 i. tested for increased 

j „in, the thermo stability 

in accordance with tne 

5 thermostability in a „ Mat erials & Methods" 

determination assay disclosed m the Materia 



section. 
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Example 3 

-in accordance with the pH szao±±i^y 
stability at acidic pH in accor s Methods „ 

determination assay disclosed in the 



section. 



